This paper examines whether the height premium for academic outcomes is driven by unequal opportunities for tall individuals. Using data from the National Longitudinal Survey of Adolescent Health, this paper shows that taller individuals typically earn higher grades and attain more schooling, but the associations are not uniform across school size. Height is only associated with better outcomes for students attending large schools and these improvements are concentrated among males. Data suggest that height contributes more to sports participation and school satisfaction in large schools where resources are more scarce. Thus, differential opportunities or treatment across height in large schools may drive the performance differences. * I thank Steve Levitt, Emily Oster, Andy Zuppann, seminar participants, and anonymous referees for helpful comments. All mistakes are my own.
Introduction
It has been well established that height is correlated with improved outcomes along a number of dimensions, including educational achievement, labor market outcomes, and health.
1 Although taller people have better average outcomes, the reasoning is still debated. Are taller people given more opportunities in school, favored in the labor market, and treated differently than their shorter peers or is height just associated with better childhood environments and a superior cognitive endowment?
The answers to these questions have different policy implications. If height leads to differential opportunities for children in school, then policy may improve the disparities. Persico et al. (2004) find that teenage height, not adult height, matters for labor market outcomes. Their finding suggests that labor market discrimination is not a major factor contributing to the height premium and indicate that adolescent experiences may play a role in the association between height and wages. They argue that taller students could have more access to clubs or social activities that develop human capital and lead to improved labor market outcomes. Thus, even without discrimination in the labor market, there may be unfair advantages to being tall during one's school years.
Alternatively, Case and Paxson (2008) provide evidence for a different explanation:
1 Past literature shows that taller students perform better in the classroom and on cognitive tasks and attain more schooling (Downie et al., 1997; Case and Paxson, 2008; Cohen, 2009; Heineck, 2009; Case and Paxson, 2010) . Papers since early 1900s report that height is associated with improved labor market outcomes such as employment and wages (Gowin, 1915; Loh, 1993; Sargent and Blanchflower, 1994; Behrman and Rsenzweig, 2001; Case and Paxson, 2008; Case et al., 2009; Hübler, 2009; Case and Paxson, 2010) . This height premium is often large in magnitude, with taller workers earning 4 to 6 percent more than their shorter counterparts (Loh, 1993) . Finally, research indicates that taller individuals also have better health outcomes and live longer (Case and Paxson, 2008b; Cohen, 2009; and Case and Paxson 2010) .
average height reflects cognitive ability. Differences in genetics, health, and early environmental factors are related to physical growth as well as cognitive development.
Thus, children who are endowed with good genes or grow up in a healthy environment are not only more likely to grow taller, but they also perform better in school and excel in the workplace due to higher cognitive function. This superior cognitive development can cause associations between height and improved outcomes. Case and Paxson (2008) find that height premiums in wages diminish when childhood test scores are included as a proxy for cognitive development. Furthermore, the authors show that taller, healthier individuals achieve their growth spurts earlier in life leading to larger height differences during adolescence. This greater height disparity during teenage years can explain why teenage height is more significant than adult height in the results of Persico et al. (2004) .
Given that the literature provides different explanations for the association of height and outcomes, this paper further assesses this relationship by examining whether the associations between height and outcomes are uniform across school size. If taller students are better at capturing limited opportunities or resources as suggested by Persico et al. (2004) , then we would expect height to matter more in large schools where there is more competition for scarce resources. Using data from The National Longitudinal Study of Adolescent Health (AddHealth), Table 1 shows that opportunities are more limited in larger schools. Relative to the smallest quartile of schools, the largest quartile of schools has higher student teacher ratios, fewer students participating in school sports, and fewer students in other clubs. In addition, Table 1 shows that fewer students in large schools report that their best friends come from the same school, suggesting that it may be harder to make close relationships in big schools. If height helps one access more school resources or make better connections with teachers and friends, then height should matter more in large schools. If these factors affect outcomes, then the association between height and educational outcomes should be stronger in large schools. This paper tests whether height associations differ across school size.
First, this paper confirms that height is associated with improved academic performance. Taller students earn higher grades and attain more schooling, with performance gains driven by improvements for tall males. Next, this paper shows that the relationship between height and outcomes is in fact strongest in large schools. That is, tall male students typically outperform their peers in large schools, but for students who attend small schools height is not correlated with better outcomes. While previous research establishes a link between height and improved outcomes, this paper is the first to show that the association varies across school size. Controlling for health and parental background often diminishes the average height relationship, but it does not eliminate the differential relationship across school size. The results suggest that large school settings may favor tall individuals and contribute to the height premium.
The paper proceeds as follows: Section 2 provides an overview of the data; Section 3 details the differential associations of height across school size; Sections 4 and 5 explore the role of extracurricular participation and school satisfaction in explaining these associations, respectively; and Section 6 concludes.
Data
AddHealth is a survey of health related behaviors and outcomes of adolescents from middle and high school years into young adulthood. AddHealth is a school-based survey that interviewed students from a stratified random sample of high schools and middle schools across the country. Schools were chosen in an attempt to obtain a representative sample of the United States with respect to region of country, urbanicity, school size, school type, and ethnicity. Students within each school were surveyed at random. Due to oversampling in some categories, sample weights are used throughout the analysis. The analysis for this study focuses on a subsample of students who attended non-urban high schools.
2 This sample includes approximately 67 schools and over 4,000 students. The schools from which students are sampled range in size from 47 students to 2,590.
AddHealth consists of four rounds of surveys. The first wave of the study, in 1994-95, The independent variables of interest are height and height interacted with cohort size. This paper uses physical height measurements that are taken by the interviewer in the second round of surveys.
3 This height represents a student's height in high school, which is the relevant height measure if height matters for schooling outcomes. This is also the height that Persico et al. (2004) found to be most predictive of adult wages. Students who were in grade 12 were not contacted for the second round of surveys. Therefore only participating students who initially started in grades 9-11 are included in the study. Cohort size is constructed using the schools reported enrollment, dividing by the total number of grades at the school, and multiplying by the number of high school grades. Thus, the size variable represents the size of the high school cohort at one's school. This is the relevant size variable since this is likely the pool of students that compete for similar resources.
4
The dependent variables include outcome data from the first, third, and fourth survey waves. The wave 1 in-school questionnaire asked students to self-report their most recent grades for English, History, Math, and Science. This reported GPA1 variable is an average of reported grades across subjects where A is coded as 4, B is coded as 3, C is coded as 2, and "D or below" is coded as 1. 5 While this variable has a large number of responses, it does not include all classes and is subject to measurement error. A GPA2 variable comes from student transcript data obtained in round 3 of the survey, which represents one's combined high school GPA for all classes. However, the sample size is much smaller for this outcome because not all individuals provide transcript access and the measure reflects a different composition of classes across students. The high school diploma variable is generated from wave 3 and 4 responses.
estimated (see Brener et al., 2003) this paper uses the height that is measured by the interviewer. Results, however, are similar with self reported height. Self reported heights as well as third round measured heights are used to find errors in the recording of measured heights. In particular, when self reported height and future measured height are both much shorter or both much taller than the recorded height, it is assumed that the feet were recorded improperly and a correction is made. This only occurs in 6 cases and results are not sensitive to correcting, omitting, or keeping the original measurements. 4 The results are robust to defining size in other ways such as using school size or class size for schools that have grades 9-12 and defining school size as the size of the 9th or 10th grade cohort.
5 The question does not differentiate between D and F.
In wave 3 respondents are asked to report their high school graduation status. Those responding as having a diploma are coded as 1 while those who respond that they have a GED, a certificate of completion, or none of the above are coded as 0. If wave 3 data are missing, wave 4 data are used. The highest grade completed variable comes from wave 4 responses where students report the highest education level achieved.
The responses are categorical for 8th grade or less, some high school, high school graduate, etc. These categorical variables are converted to years of schooling for easier interpretation of the coefficients. To test whether there are lasting relationships beyond schooling, wave 4 variables for household income and whether the respondent used welfare since the last survey are also used.
Other dependent variables include whether a student participates in a sport, whether a student participates in a club, and various measures of one's school experience. The sport and club variables are coded as 1 if a student reports participating in a sport or a school club, respectively, on the in-school survey and 0 otherwise. The in-school survey has students report whether they feel "a part of this school" or "happy to be at this school". These variables are coded as 1 if students strongly agree or agree and 0 otherwise. The in-home survey asks students how much "teachers care about you". This variable is coded as a 1 if students report very much or quite a bit and 0 otherwise.
Controls for health and cognitive ability are included as Case and Paxson (2008) suggest that they may drive relationships between height and outcomes. Direct measures for health come from questions in waves 1 and 2 that ask respondents to report on their general health. Parental schooling is included as a control because it tends to be correlated with both health and children's cognitive ability. Other controls include race, gender, age, grade level, and school fixed effects. The table presents the data separated by big and small schools and also by individuals above and below the median height. Big schools are defined as schools above the median cohort size in the data while small schools are at or below the median cohort size. Median height is defined as the median height in the data by age and gender. A look at the average outcome variables in the raw data suggests that students above median height perform slightly better than those below the median in big schools. However, the performance gains are smaller or reversed for students above the median height in small schools. The next section further assesses the association of height with outcomes. Tables 3 and 4 show the correlations between height and outcomes. The first column for each outcome controls only for gender and race. Table 3 , column 1 shows that an extra inch of height is associated with an increase in reported GPA by about 0.013 points. This means that a foot of difference in height is associated with an increase in GPA by approximately one-fifth of a standard deviation on average.
Height and Outcomes
The results are much smaller for transcript GPA and not statistically significant.
Column 9 in Table 3 shows that an inch of height is correlated with an increase in the probability of graduation by 0.004. 6 This means that someone who is a foot taller than their peer is almost 5 percentage points more likely to graduate from high school on average. Column 1 of Table 4 shows that an extra inch of height is correlated with 0.047 additional years of schooling. Thus a foot increase in height is associated with over half a year of additional schooling on average. These results confirm the positive associations between height and outcomes that are found in the earlier height literature.
7 Tables 3 and 4 also break down the results across gender.
This decomposition suggests that the positive correlation of height with outcomes is driven by males.
To test whether the academic gains extend to the labor market, the last two outcomes of Table 4 look at welfare use and household income in wave 4 of the survey. There are no significant relationships between height and welfare or income in this data.
However, most individuals are in their late 20's at the time and current incomes may not be a good reflection of lifetime earnings.
8
The results in the second column for each outcome in Tables 3 and 4 show that the relationship between academic outcomes and height diminishes when additional controls and school fixed effects are included. The decline in the relationship between height and outcomes is large and the relationships are no longer significant in many cases. Thus, on average, height is not correlated with academic improvement once controls are included. Much of the fall is due to the addition of parental education, which is positively and significantly related to height in this sample. Case and
Paxson (2008) show that intelligence and early life experiences related to the family 7 Some papers have found nonlinearities in the relationship between height and cognitive outcomes and wages (see Hübler (2009) and Heineck (2009) ). In this data, there is some evidence of increasing returns to height for high school graduation and female reported GPA as well as decreasing returns for male wages, but there is little evidence of other nonlinear relationships when squared terms are added to the regressions. Since the the main interaction results do not change with squared terms, these terms are not included or reported here.
8 See Haider and Solon (2006) . environment contribute positively to height correlations; thus we would expect the fall that we see between the first and second columns. This fall in the height coefficient may lead one to conclude that intelligence, health, and family background can explain all of the correlation we see between height and academic outcomes. The fall, however, is not uniform across school size. While the average association of height on outcomes tends towards zero once controls are added, in most cases, the height premium remains for students in large schools.
The third and fourth columns for each outcome in Tables 3 and 4 look at the relationship between height interacted with school size and academic outcomes. This allows for the association of height to vary across small and large schools. These interactions are positive and significant for all academic outcomes. That is, height has a more positive association with grade and graduation outcomes in bigger schools than in smaller schools. This relationship remains significant even when controls are added.
Once again, separating results by gender shows that these differential associations of height on outcomes across school size are driven by males. For females, height has largely insignificant associations with outcomes and does not significantly vary across school size. While longer term outcomes such as schooling completion and welfare show a similar pattern across school size, there is not a significant interaction coefficient for income. Table 5 shows the magnitude of the height relationship implied by the regressions with full controls for individuals in schools at the 25th, 50th, 75th, and 90th percentile of school size. In a school at the 25th percentile in size, an added inch of height is correlated with little to no improvements in academic or labor market outcomes. The exception is in transcript GPA where height actually has a negative association with performance in small schools. However, in a school at the 90th percentile of size, an added inch of height is correlated with an increase in reported GPA of 0.015 points, an insignificant increase in transcript GPA, an increase in the probability of graduating by 0.006, and an increase in years of schooling by 0.05. Moreover, the relationships for reported grades, graduating, and years of schooling remain significant at the 75th percentile. The break down by gender highlights the fact that for most outcomes tall males perform better than their shorter peers in large schools. Overall, height is not an important predictor of outcomes for females.
Although average associations with height may be accounted for by background variables, significant associations between height and most academic outcomes remain for male students in large schools. Moreover, the significant associations with height occur in both the 75th and 90th percentile of school size seen in this sample. This means that height has a strong relationship with outcomes for a large portion of the student population.
Height and School Programs
Different hypotheses can account for the relationship between height and school size. relatively small compared to the student body and many students are "cut" from the team, taller students may be more likely to earn the limited roster spots.
The pattern of sports participation that theory predicts shows up in the AddHealth data. As seen in Table 6 , the relationship between height and school sports participation follows a pattern similar to the relationship between height and academic outcomes. The interaction between height and school size in column 3 of Table 6 is positive and significant for the population as a whole and for each gender separately. While this association is not significant in all cases once controls and school fixed effects are added, all the coefficients remain positive. The first column in Table 8 reports the different correlations between height and sports participation by the quantile of school size. For a school at the 25th percentile of size, an extra inch of height is associated with a 0.011 point increase in the probability of playing sports while for schools at the 90th percentile of size, an extra inch of height is associated with a 0.016 increase in the probability of sports participation for the whole population. This gap grows larger when looking at the coefficients for males and females separately.
Sports participation can in turn impact academic outcomes. There are several reasons why athletic participation might improve schooling performance. First, school sports can provide incentives to stay in school and meet a minimum GPA in order to stay eligible to play sports. Sports participation can also develop human capital by teaching leadership skills, hard work, following instructions, and cooperation. In addition, sports can affect student outcomes through peer effects, by bringing together students who otherwise would not interact. Furthermore, the literature suggests that sports participation leads to improved academic and labor market outcomes Although height predicts participation in sports, it is not clear whether height pre-10 The data used in this paper also shows that sports participation is associated with improved academic and labor market outcomes. dicts participation in other clubs or if the relationship varies by school size. The performance argument for tall individuals participating in sports does not hold for other clubs. Thus theory does not suggest that height should be an advantage in these clubs, but if intelligence drives height relationships or if there is a preference towards having tall members, we may see that being tall is important for getting into other types of school clubs as well. The second section of Table 6 shows the same regressions run for sports participation but now the dependent variable is participation in other clubs outside of sports. These clubs include language or subject clubs, music clubs such as band or choir, debate team, and others. The results show that there is, in fact, no relation between height and participation in other clubs.
The 3rd and 4th column for these outcomes also show no differential relationship between height and club participation across school size. Thus, differential access to clubs outside of sports cannot explain the fact that tall students outperform their peers in large schools.
Height and School Satisfaction
Beyond sports participation, a second mechanism that may drive the differential relationship between height and outcomes across school size is attention from one's teachers and peers. As shown in Table 1 , bigger schools have a larger student to teacher ratio and students are less likely to report their best friends as coming from their own school. These facts suggest that it may be more difficult to attract teachers' attention or make friends in a large school. If height helps attract attention from teachers and peers, then it may be more important in large schools. Moreover, if this treatment lends itself to more instruction or higher self esteem, it may result in better schooling performance. This paper looks at three different measures of school satisfaction to test whether tall students are more satisfied with their schooling experience and assesses whether this can account for the differential height relationships across school size. The measures are whether students claim to feel a part of their school, happy at school, or feel that their teachers care. Table 7 shows the relation between height and these school perceptions. These measures are not on average significantly related to height. However, the results relevant to this paper show up in the last two columns for each outcome. Here the data show that the association between height and perception measures is stronger in large schools than small schools as the interactions with height and school size are positive and significant. Table 8 shows that height does not have a significant association with school perception measures for students in schools at the 25th or 50th percentile of size, but height has a positive and significant association on these measures for students in schools at the 75th and 90th percentile of size. Similar patterns are demonstrated when broken out by gender. The association with feeling a part of school or happy at school is stronger for females at large schools and the relationship between height and teachers caring is stronger for males at large schools. Since the association between height and outcomes is stronger for males, if these are the causal mechanisms that explain the height relationships, then it must be that these measures are more important for predicting successful male outcomes or that having teachers that care matters most for schooling outcomes. Overall, the results support the argument that taller students may command more human capital building resources in schools, particularly in large schools where there is more competition for these resources.
Conclusion
A large literature is devoted to explaining differences in academic and labor market outcomes and identifying the channels which propagate such disparities. There is strong evidence that height is related to better academic, labor market, and health outcomes. Yet the channels through which tall individuals excel are not fully understood.
While there is convincing literature to suggest that height is a reflection of cognitive differences, this paper provides new evidence that differential treatment across stature may also contribute to the disparity in academic outcomes. In particular, large school settings are relatively more advantageous for tall male students. This is reflected through a height premium in several academic outcomes that only exists in large schools. Furthermore, the evidence suggests that the disadvantage may develop because the tall students are better able to acquire human capital building resources in large school settings.
Schools are supposed to provide equality of opportunity to America's youth and not further enhance disparities across disadvantaged individuals. Understanding how large schools enhance inequality across stature can guide school policy to level the playing field across tall and short individuals. As schools continue to grow, it is important to provide equal access to educational opportunities to all individuals or the short students may be the ones that suffer. Tables 3 and 4 at the given quantile of school size. The quantile sizes are computed using the sample data. Tables 6 and 7 at the given quantile of school size. The quantile sizes are computed using the sample data.
